The impact of viral diseases on foreign trade is also very important, mostly because of animal health restrictions based on endemic foot and mouth disease in South America. On the other hand, industrialized coun tries are less and less dependent on their former suppliers of foodstuffs and have implemented protectionist policies as they have progressively dominated the world market for agricultural and livestock products.

Finally, the development of the livestock industry in Latin America is hampered by a low capability for prevention of viral diseases (weak ness of epidemiological surveillance mechanisms, absence or lack of a suitable number of adequate diagnostic laboratories), which facilitates the introduction of exotic viral diseases into this region. Systematic pro grammes for the prevention of exotic diseases and the control of exis ting ones should be developed.
INTRODUCTION
The relationship between viral disease in cattle and the state of underdevelop ment is studied in the light of the process of dependence existing in the world economic order between countries that produce industrial goods (central coun tries) and the group of countries which, as producers of raw materials (which include animal protein), comprise the underdeveloped periphery of the world economic order. Within this context, viral diseases are factors which contribute to create the status of underdevelopment, but may also be consequences of that very underdevelopment-a state that in many cases explains the introduction and dissemination of such diseases, as well as the difficulties encountered in developing countries in controlling them.
Throughout history, mankind's concept of disease has reflected the philoso phical, religious and cultural beliefs predominant in each historical period. In turn, these beliefs have always corresponded to a given form of economic and social organization.
Thus the mystical view prevailing during the middle ages was followed, as of the 18th and early 19th centuries, by another concept likewise based on the external origin of diseases. The government then had to intervene (for the first time in history) to control those diseases and human migrations during the era of the crisis of feudalism, as well as the health and sanitary conditions that permitted urban centers to develop in the early phases of industrial production ( Fig. 1 ).
In the mid-19th century, Virchow and others in Germany, and Chadwick and Farr in England, adopted a broader, more comprehensive view of disease. They held that economic and social conditions exerted a substantial influence on the conditions of health and disease.
However, with the microbiological era's transcendent contribution to the field of disease etiology, the more comprehensive concepts were put aside and the microbian agents (bacteria, viruses, parasites, etc.) were regarded as the sole cause of infectious diseases.
Only in recent years was it acknowledged that infectious agents alone are not responsible for the occurrence of the diseases they "cause". In other words, "other factors" also play a role in the very existence, importance, seriousness and control of such diseases.
Lastly, not only has the presence of these factors been acknowledged as a reality-albeit only recently and with reference to human diseases-but also the existence of a close link between those factors in certain moments and his torical circumstances has been ascertained. Consequently, the socio-economic conditions of a society are found to be a determining factor in the presence and behavior of disease.
In the field of veterinary medicine we find no similar concern to explain According to Pinto and Fredes (15) , development and underdevelopment are not different phases which correspond to varying degrees of the same eco nomic development process. Underdevelopment is a definite state wellcharacterized by interactions among varying kinds of factors that make up a specific social and economic structure. Underdevelopment is not necessarily a stage to be experienced by all countries before they achieve the status of development.
According to Sunkel (2) , between the past century and the first decades of this century, certain areas of the world achieved decisive technological and indus trial progress while other regions of the world not only fell farther and farther behind, but their progress likewise became necessarily more and more depen dent on that achieved in the more advanced parts of the world. The develop ment of some nations within the worldwide economic system has therefore become structurally linked to the underdevelopment of others. The gap bet ween the two groups of nations has broadened in recent years. the theory, and therefore the methods of analysis and solution that govern the phenomena of animal health and, more specifically, of livestock production and disease. The microbial doctrines were the most successful in the endeavor to interpret and propose solutions for the problems related to animal diseases. Although it should be recognized that thanks to immunoprophylaxis progress has been made in disease control and elimination, nevertheless certain problems and certain questions remain unexplained to this day by the technical approa ches ordinarily employed. For example:
Why has the foot and mouth disease virus that causes a certain type of the disease, been eradicated in various countries (in some cases even before the advent of vaccines) when progress in other countries has been extremely slow, despite the financial and technological efforts expended?
Why are some exotic diseases quickly eradicated in some countries, while in others having similar climate and susceptible populations they are either not eradicated or eradicated at the cost of extremely high social and economic sacrifices?
Without intending to answer these and other such questions at length, this work attempts to interpret (1) the presence and mode of occurrence of animal viral diseases with respect to the levels of socio-economic development, and (2) how these levels of development affect the possibilities of preventing and controlling such viral diseases.
Following the example of Colman and Nixson (1) we present a brief pano rama of the way that economists-mainly those from developed countriesexplain dependence while regarding development and underdevelopment within a structuralist concept of analysis. Literature on economic development com monly characterizes underdeveloped countries as dependent economies. The condition of dependence encompasses all or most of the following aspects: a) from their common historic past underdeveloped countries inherited a characteristic structure of production and commerce, particularly that of pri mary goods (raw materials and agriculture products) for export to the develo ped economies; b) in the beginning they were dependent on the importation of manufactu red goods. With the progressive implementation of the consumer goods indus tries they became dependent on importation of semi-finished and capital goods; c) they suffer from considerable dependence upon imported technology. This situation not only affects their individual development but also other fields of activity: agriculture, livestock production, communications, education, health, etc.; d) the underdeveloped countries are heavily dependent on foreign capital investments.
The explanation of dependence in Latin America originated within the struc turalist school of the United Nations Economic Commission for Latin Ame rica. This Commission (13) proposed that economic development should be interpreted and assessed in terms of a society's level of wellbeing, currently reflected by the real growth of the average per-capita income and determined by the increase in the productivity of work.
In developed countries there is an ongoing accumulation of capital and tech nological progress. Rodriguez (16) says that the underdeveloped periphery (underdeveloped countries) is made up of economies whose production level is "technologically and organizationally out of date". In underdeveloped coun tries "technological progress reaches only small groups of the population". As part of the "outward development" described by the above-mentioned author, "modern techniques are implemented only in specific sectors related to exportation". Therefore they "coexist with other backward sectors" with respect to improvement of technology and productivity (16) . As a result of this process, Rodriguez states that the productive structure of the dependent eco nomies takes on two fundamental features: "specialized or unilaterally develop ed" while, at the same time, being "heterogeneous or partially developed". Structurally, this is in contrast to what happens in industrialized economies where production is diversified and homogeneous (16) .
No matter how questionable the value of some indicators may be, they serve as a reference in assessing a country's degree of development. Of course, we will not refer to only one indicator, but rather to several that cover a wide view of social and economic development ( There are disparities among the per-capita income growth rates, the mini mal nutrition needs and the growth rates of agricultural and livestock produc tion. This situation has serious repercussions on large portions of many Latin American populations with grave nutritional deficiencies. Products of animal origin account for 16% of all calories consumed on the continent (3), while meat and milk provide slightly more than one third of the daily protein con sumption.
Despite the limitations on using average values in an assessment of a region like Latin America, they do present an acceptable mean nutritional situation inasmuch as the per-capita calory intake exceeds the average requirement by 10%. However, when this number is broken down by country or by populational strata, important disparities appear that disclose an unsatisfactory situa tion. In ten (10) countries the availability of calories fails to meet basic mini mum requirements and, in four of the ten countries, representing 16% of the population, the deficiencies exceed 10% (3).
It is conservatively estimated that about 50 million people in Latin Ame rica suffered from a lack of adequate nutrition in 1978. That is about 15% of the population; but the undernourishment is probably much higher, given the income-to-consumption ratio, since the poorest 20% of the population in Latin America earns only 4% of the regional income (10 to 20% less calory intake than the recommended minimum) (5) . Therefore, neither the precarious health conditions of a large segment of the population, due to this nutritional deficiency, nor the high probability of child mortality in some Latin American countries, should come as a surprise.
Undernourishment usually goes unnoticed or is less noticeable than other manifestations of underdevelopment. Consequently, large segments of the popu lation remain on the fringe of society due to their physical or intellectual debility (5).
Development of the livestock industry in Latin America.
If livestock specialists are asked their opinion about the main problems affec ting the livestock industry's development, we believe they will unhesitatingly reply that the deficient production in Latin America is due largely to poor animal nutrition, bad genetic quality, sanitary problems, and poor management. Never theless, it seems to us that at least in this part of the world livestock producti vity does not depend primarily on any of the aforesaid areas of animal science. We rather feel inclined to think that the importance and development of each of those areas depend on a country's state of social and economic develop ment (Fig. 2) .
A brief historical summary of the livestock industry in South America will serve to substantiate this assertion (Fig. 3 ).
It has been established that the Conquistadores brought the first cattle to the American continent. The first livestock raising activities were thus develo ped in the newly founded cities in order to supply the new populations. The bovine population grew steadily despite the slow but continuous exportation of hides and salt beef to the motherlands. But the lack of feed and space within the cities' limits made it impossible to keep the herds in the cities and towns. Except for cattle intended to provide milk for the local population, cattle raising moved out into the untilled fields adjacent to the urban settlements.
But let us not forget that from the beginning the colonies' very existence originated from their economic objective of supplying raw materials to the mother countries. In the "agri-exporting" colonies the nearest and most fer tile lands were used for the economic priority crops (sugar cane and cereals). Cattle raising was therefore displaced farther and farther away from the cities and mainly from the seaports.
Livestock development only assumed importance after the discovery of the refrigeration process, construction of the first meatpacking plants and the launching of refrigerated ships that, in the 19th century, opened up the world meat market as we know it today.
From that time on, cattle raisers began to differentiate among the geographic areas selected for the various phases, cycles and purposes of cattle and live stock raising. On the one hand, the breeding and grazing activities of beef cattle were limited to the more distant available lands of lesser quality. The better lands and those located nearer to the cities and ports were dedicated to the priority crops that sustained the colonies or the new populations.
But the long overland cattle drives to the meatpacking plants were hard on the cattle and thus interfered with a regular supply of meat. So the first preslaughter fattening pastures came into being, competing in terms of land qua lity with crops also generally raised for export. The idea of productive effi- The second half of the past century was therefore characterized by the impor tation of breeder cattle from various countries of the world. England was the main supplier of breeder beef animals, mostly intended for the River Plate basin and the southern "cone" of Latin America. And with those cattle came the first cattle viruses. The necessity of improving yield prompted further imports of breeder stock, and the most diverse breeds were imported from a wide spec trum of countries. At that time the industrialized countries that exported breed ers were unconcerned about the sanitary consequences of meat importation. That concern is a recent phenomenon, and became a reality when the interna tional production and market characteristics underwent considerable changes. 
DEVELOPMENT OF SMALL SPECIES
our countries, have had with respect to the development level of industrialized countries. This is therefore the context in which the distribution and the very presence of viral diseases in our area should be studied.
IMPACT OF ANIMAL VIRAL DISEASES ON DEVELOPMENT
Viral diseases act on the economically important animal population with a negative impact on (Fig. 4): a) the animal capital itself (cows and bulls) by diminishing their 'breeding efficiency' ; b) animal products, by causing physical losses in the process of produc tion (milk, meat, eggs, etc.); c) international trade in animal products, by creating problems, obstacles and restrictions.
From the viewpoint of development, it should be remembered that in an important part of the Latin American countries, the performance of agricul ture, and especially of livestock raising, significantly influences the broader, overall context of social and economic development.
At the same time, the ever-widening gap between the development of the industrialized countries-the "center" of the world economic system-and those on the outer fringe of development, obviously applies to the development of the livestock industry as well. In Latin America, the indicators of that develop ment are strikingly unfavorable if compared to their counterparts in North America which has less than half as many cattle as Latin America (Table II) . 
Impact of animal viruses on development
The indicators of cattle productivity in Latin America are significantly lower than in "developed America" (Table II) . This indicates a standstill that may be attributed to the fact that the average in this subregion is determined by two areas of livestock development. Although their effects offset each other, in terms of cattle population the area of greater yield is actually the smaller of the two.
On the one hand, there are only limited areas in Latin America with high livestock efficiency where cattle raising is intensive and specialized. This is the case of some regions that supply the large transnational meat industry (for exam ple, the Plate River basin). In such areas there is a high degree of yield, with good-quality, high-value products. The same holds true in some small dairy zones in Latin America. On the other hand, there are large regions with exten sive cattle-raising techniques characterized by low density and very low productivity.
In general, the livestock industry in Latin America is growing mainly by opening up new natural pastureland in forested areas (Amazon region). The animal density is very low in these areas and the slaughterhouses and consumer centers are likewise very far away. Costs therefore tend to increase (fattening, transportation) and profit to decline. Pastoral efficiency is low. Cows have their first calves late and their "useful life" is shortened by the ensuing predisposi tion to infection and parasites. They therefore produce less offspring (6) . More over, the fattening steers grow more slowly and are older when they go to slaugh ter. Thus the populational indices are unfavorable and lead to a low level of livestock productivity, such as: extraction percentage; production of meat, milk and other products per herd or per hectare; carcass yield; milk production per lactation (Table III) . These figures aré clearly unfavorable to Latin America and therefore jeopardize its development, when the dimensions of the food requirements of the continent's populations are taken into consideration. As can be ascertained from the foregoing indicators of the socio-economic situation and the development of the livestock industry in Latin America in recent years, it is insufficient to meet the requirements of the overall develop ment of Latin American countries. Such requirements arise in part from the necessity to satisfy the domestic food demand, and partly because there exists an important group of countries that continue to direct their livestock produc tion to foreign markets as a way to obtain foreign exchange revenue.
Impact of viral diseases on production.
Economic underdevelopment is one of the major internal constraints on the efficiency, productivity and development of the livestock industry. All this insufficient development is manifest in an unfavorable variation in the annual increases of livestock production. In the 1950-60 ten-year period the gross value of livestock production grew by 2.6%; in the 1960's that rate climbed to 3.4%, but slid sharply to 2.0% in the 1970-75 five-year period. Animal production has left a very irregular growth pattern in the recent ten-year periods. The most dynamic of the animal production sectors has been poultry raising, as both egg and meat production have climbed. Dairy production has increased at a slower rate, and the decline in beef cattle production has been especially stri king (Table IV) .
Compared to other regions in the world, Latin America has about 20% of the standard animal population. Yet the production levels of meat (10%), milk (7%) and eggs (8%) are low. North America, which has 8% of the world's standard animal population, produces 20% of the world's meat, 23% of its milk and 16% of its eggs (8) . The same holds true for cattle production.
In recent years, Latin America accounted for 22% of the world's bovine herd, from which it produced 18% of the total metric tons of meat and 8% of the world's milk output. Nevertheless, the USA and Western Europe, which jointly account for 18% of the world's bovine herd (approximately 224 mil lion head), produce 43% of the world's meat and 47% of its milk (8) .
This study does not intend to analyze the specific effects that each viral agent has on the affected population. In general, the effects are felt: a) on the animal capital itself, either by causing the animal's death as a direct consequence of the disease or as an effect of the eradication measures, or by constraining the animal's reproductive capability, and b) on the production rates, by the effect on lactation, diminishing the birth and/or procreation rates, lengthening the periods between calving, or redu cing the efficiency by which feed is converted into animal protein.
With respect to this last point, it should be remembered that this effect results not only from the diarrheic losses during gastroenteric disease or from the tem porary reduction in food intake which, if occurring during the critical phase of growth, could mean a relative loss of unrecoverable weight even though the fattening period is extended. This also involves a complete interaction between nutrition and the consequences of the infection. This interaction means that nutritional deficiency may increase the seriousness of the infection (although this effect may not be as striking as in the bacterial infections). Viral infection very possibly implies a significant reduction in the efficiency of food conversion. For example, the effects of the Newcastle virus on the metabolism of infected poultry has been studied with regard to animals of economic value. It is possi ble that an eventual decline in the protein-synthesizing capability of the cells may, in some viral infections, have a considerably greater effect than is usually attributed to them.
Several observations about foot and mouth disease are summarized as exam ples of losses caused by animal viral infection. What has been observed in other animal and human viral diseases may very well also occur with respect to this disease, in that nitrogen metabolism and, probably, the formation of proteins, are affected. The physiopathological effects of foot and mouth disease cause physical losses in both meat and milk production in cattle and likewise affect the animal's reproductive efficiency. The magnitude of the effects of foot and mouth disease on livestock production can be illustrated by an assessment of the annual impact that disease had in Brazil during the 1980-81 two-year period, expressed in economic terms. Physical losses amounted to US$ 75.2 million, which includes losses in milk and meat production and in reproductive effi ciency (estimates of sterility, shortened life of breeders and cows, stillbirths and miscarriages, replacement of cows and bulls, culling, etc.) (9) . To this can be added the cost of the control program as per reports forwarded to the South American Commission for the Control of Foot and Mouth Disease (COSALFA), which totalled US$ 11.5 million in 1980 (10) . That total, plus the US$ 84.4 millions in estimated private costs of anti-foot and mouth disease efforts and the US$ 200 million in negative effects that FMD has on the inter national trade in animal products, add up to an annual economic loss of US$ 371.1 million in Brazil alone. The consequences of these losses can be a direct or indirect reflection of livestock development.
Impact on foreign trade.
The underdeveloped countries' share of world trade has declined although world commerce has expanded. It is a widely accepted idea today that the under developed nations have not reaped the benefits envisaged in the international trade of foodstuffs and raw materials. This is currently one of the main con cerns of the United Nations Commission for Trade and Development (UNCTAD) and of the North-South Conferences. Their aim is to negotiate facilities for the less developed countries, especially through a review of the industrialized countries' restrictions on imports.
One result of the growing development of the industrialized countries is that their demand for food imports is increasing at a slower and slower rate (Table V) , as a lower and lower percentage of their revenues is used to pur chase essential foodstuffs. Their technological progress in the agriculture and livestock industries has likewise rendered them less and less dependent on their former "peripheral" suppliers. There has been a change in the world trade struc ture; although manufactured goods now amount to more than 2/3 of total world trade, in 1950 they amounted to less than half of the total. During the same period, foodstuffs have lost their importance (13) .
Latin America currently provides less than one-sixth of the world's beef trade (fresh, refrigerated and frozen) (Table VI ). In the early 70's more than 25% of the world's beef trade originated in Latin America. Nowadays, more than half of the beef traded on the world market originates in Western Europe, largely in the EEC* countries (11) . One of the main factors that has caused the decline in Latin America's share of the world beef trade has been the series of restrictions imposed on South American beef because of endemic foot and mouth disease on the continent (12) . Yet Latin America retains its share of approximately 50% of the world's canned-meat market, due mostly to the fact that canned meat is not subject to such restriction. Brazil has therefore subs tantially boosted its exports of canned meats. Although the United States of America has become the world's largest importer of meat since the second World War, Latin America has been unable to enter that nearby market. Among the main reasons for failing to penetrate that market are the animal health restrictions which are especially strict for meats from South America. Once again, endemic foot and mouth disease is at the root of the restrictions.
Moreover, the industrialized central economies have increasingly implemen ted protectionist policies as they have progressively dominated both produc tion and the world market for various agricultural and livestock products. This has come about through an international system of relationships that have frequently been detrimental to the "peripheral" underdeveloped countries, par ticularly for Latin American nations. This was pointed out by the United Nations Food and Agriculture Organization (FAO). This situation means that these countries faced a decline in the exportation of production which could generate the foreign revenues indispensable for their social and economic deve-lopment. In this regard meat exportation has been deeply hurt, and there is a lack of new markets to offset the difficulties created by the countries that have adopted protectionist measures. In this respect it is important to remem ber that some developed countries' trade policies contain a series of very res trictive measures with regard to animal products. Sanitary reasons are fore most motives, and viral diseases like foot and mouth disease, hog cholera and African swine fever have played an important role in the creation of such res trictions (6).
Furthermore, the economic problems faced in the last ten years (energy crisis, high interest rates, a changing world economic situation) have encouraged a greater concern among international buyers for their own domestic producers. The outcome has been a series of measures to restrict the consumption of some animal products traditionally imported from Latin America. These changes on the foreign market should be considered jointly with the technological chan ges and changing consumer preferences.
Within this global situation, sales of Latin American agricultural and live stock products have grown at a much slower rate than world exports, and even slower than the growth rate of exports from other regions of the underdeveloped world. The volume of exports from Latin America reached only 1% of the world volume of agricultural products between 1971 and 1974, although the volume of world trade in such products grew at an annual rate of 3.7% during the same period.
SANITARY ACTIVITIES AND ANIMAL VIRAL DISEASES
Another aspect that constitutes a sequel in the underdevelopment of Latin American countries involves the great shortage of information and of an ade quate epidemiological characterization of the diseases-including viral diseases-that affect their livestock industries. With the exception of a few cases, they also lack adequate knowledge of the animal health situation of the countries that provide them with genetic material for their livestock develop ment. Most of the Latin American countries do not have systematic plans for prevention of exotic diseases. Actually, the epidemiological surveillance mechanisms that should aid in preventing exotic viral diseases (Fig. 5 ) and in controlling existing ones are extremely weak.
The foot and mouth disease programs are the best structured and most con tinuous of the viral disease control programs in Latin America. In 1961, Argen tina set up an institution specifically for foot and mouth disease control and eradication. Since 1968, with financial support from the IDB* and technical backing from the PAHO**, the countries have been organizing programs with definite objectives and rational use of activities and resources. The implemen tation of programs in Uruguay, Paraguay and Argentina was followed by pro grams in other countries. Important infrastructures were set up in the coun tries in the early 1970's, not only for the control of foot and mouth disease but also for animal health protection in general. The programs progressively expanded their coverage and the effects of the control action were gradually felt. About 30% of South America's cattle herds were under control programs in the mid-1960's. The animal morbidity rate stood at about 400 per 10,000 head and lethality was relatively high. By 1971 the majority of the countries had started their control programs and had extended coverage to 40% of their cattle herds. Morbidity declined to 200 per 10,000 head. In 1981 Chile eradicat ed foot and mouth disease, the programs' overall coverage reached 90% of the South American cattle population, the morbidity rate dropped to less than 30 per 10,000 head, and lethality was brought to an insignificant level (Table VII) . Based on those efforts, other programs have been implemented in some countries to combat cattle viral diseases such as rabies, hog cholera and equine encephalitis. On the other hand, canine rabies control activities have been in force for a long time in several countries.
The exotic viruses prevention programs in South American countries have not yet attained the level of systematic programs, with the possible present excep tion of Chile's efforts to keep foot and mouth disease from re-entering the country. In Central America, Mexico and the Caribbean there are prevention programs with varying levels of development, mainly focused on foot and mouth disease. With respect to other exotic viruses, preventive measures are either nonexistent, scarce, or lack suitable technical and administrative implementa tion (Table VIII) . There is a notable difference in the attitude of developed countries regarding the possibility of introducing foot and mouth disease, Afri can swine fever, hog cholera and other viruses already eradicated in some of those countries. The livestock industry in Latin American nations is therefore seriously expo sed to a wide range of exotic diseases, especially viral diseases. The animal health defense system in South American countries is weak with regard to exotic agents. The insufficient development of effective, continuous and well-implemented epidemiological surveillance activities for prevention characterizes a facet of the underdevelopment of the region's countries. And consequently the risks of introducing exotic viral agents and spreading those recently introduced are increased.
Another factor that worsens the picture in some South American countries is the absence or lack of a suitable number of adequate viral disease diagnosis laboratories. Many of the existing laboratories are not equipped with the pro fessional or technical staff required to extend their systematic laboratory diag nosis activity to include the broader epidemiological surveillance activity neces sary for prevention. The laboratories that have viral disease diagnosis capability often regard this activity -which is of the utmost importance for the countries' economic and livestock development -as something too routine and unappeal ing. They then insist on emphasizing a more appealing activity such as scientific research.
These two aspects of laboratory activity should not be put at odds, but rather applied to promote livestock development through a concern for animal health. Viral diseases are an obstacle to livestock production. Without a solid and timely awareness of their occurrence it will be very difficult to enable the livestock industry to contribute to our countries' social and economic development. This whole panorama generates a low capability for prevention of viral disea ses. The introduction of exotic diseases into this region of the Americas is like wise facilitated when, in order to upgrade their livestock-raising efficiency, the nations import breeder bulls, cows, semen, eggs, etc. Due to the lack of suitable sanitary measures for prevention, adequately integrated into the cattle develop ment activities, the positive effects of the necessary and valid investments in genetic improvement and upgrading to increase yield are negatively affected by the introduction of exotic viral agents among the cattle on this continent. In this way a vast number of animal viruses have entered and have been easily spread throughout Latin America because their presence was ignored for a sub-stantial period of time. These viruses have become endemic and are now a potential obstacle not only to domestic food production and supply, but also to international commerce in animals and animal products and byproducts. 
